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Both the adrenergic and the cholinergic components of the autonomic nervous
system (ANS) have been found to be an important source of nerve fibres supply-
ing the lungs. On the other hand, data regarding the innervation of the pulmo-
nary tissue in breeding animals are surprisingly scarce. Therefore, in the present
study noradrenergic and acetylcholinesterase-positive (AChE-positive) innerva-
tion of the lungs of sexually immature pigs was studied using histochemical
methods. Studies were performed on six juvenile female pigs (aged 9 weeks,
body weight 15–20 kg). Samples of the tissue were collected from the caudal
lobe of the right lung. 10µm cryostat sections were processed for the sucrose-
potassium phosphate-glyoxylic acid technique to determine the occurrence and
distribution of noradrenergic nerve fibres, while AChE-positive nerves were de-
tected according to the acetylcholinesterase histochemistry. The present results
revealed a dense network of noradrenergic nerve fibres localised mainly in the
muscular membrane surrounding the epithelium of the bronchuli while AChE-
-positive nerve terminals supplied functional capillary vessels localised in the in-
ter-alveolar septum and mucous membrane of the bronchi and bronchuli. The
results of the present study confirm those of physiological experiments report-
ing the influence of the adrenergic and cholinergic components of the auto-
nomic nervous system on the lung functions of pigs.
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INTRODUCTION
The autonomic nerves that control the lungs gen-
erally show a pattern that consists of sensory affer-
ent nerves originating in the epithelium of the air-
ways, the lung parenchyma, and the muscle [5]. Ef-
ferent fibres may be myelinated or non-myelinated
and end in the vagal nuclei, while afferent nerve ter-
minals run to the muscle cells and glands and origi-
nate in ganglia [5, 9]. The latter are controlled pregan-
glionically from the vagal nuclei and are part of the
parasympathetic nervous system. The ganglia are sit-
uated close to the effector organ, lying external to
the smooth muscle and the cartilage. The pregangli-
onic fibres of the sympathetic nervous system leave
the spinal cord and synapse with prevertebral gan-
glia, while postganglionic fibres emerge from the
ganglia and are said to innervate the airway smooth
muscle glands and pulmonary blood vessels [5, 7].
The above-mentioned data show that pulmonary tis-
sue is well supplied by both adrenergic and cholin-
ergic components of the ANS. However, data regard-
ing the innervation of the pulmonary tissue in breed-
ing animals are surprisingly scarce [2, 8, 10].
MATERIAL AND METHODS
Studies were performed on six juvenile female
pigs (aged 9 weeks, body weight 15–20 kg) of the
Large White Polish breed. The animals were injected
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with 10 mg/kg b.w. of propionylpromazine. After
30 mins the animals were deeply anaesthetised with
30 mg/kg of sodium pentobarbital (Vetbutal, Bio-
vet, Poland; iv.). Samples of tissue were collected
from the caudal lobe of the right lung. 10 µm cry-
ostat sections were processed for the sucrose-po-
tassium phosphate-glyoxylic acid technique [1] to
determine the occurrence and distribution of nora-
drenergic nerve fibres. AChE-positive nerves were
detected according to acetylcholinesterase his-
tochemistry [3] and later stained with the Hematox-
ilin-Eozin (HE) method to visualise the background
tissue. Sections were studied and photographed with
a Zeiss-Axiophot microscope equipped with both the
bright field for AChE-positive innervation and the
epi-illumination fluorescence for detection of nora-
drenergic fibres. The principles of animal care (Na-
tional Institutes of Health Publications No. 86–23,
revised 1978) as well as the governmental regula-
tions of Poland on the protection of animals were
followed in the present study.
RESULTS AND DISCUSSION
The pulmonary blood vessels were richly inner-
vated with noradrenergic nerves. Numerous nerve
terminals located in the adventitia of the arteries
formed a dense network (Fig. 1, 2). The present re-
sults revealed also noradrenergic nerve fibres loca-
lised mainly in the muscular membrane surround-
ing the epithelium of the bronchuli (Fig. 1, 3). Some
nerve fibres were observed in the parenchyma of
the lungs (Fig. 2–4). The muscular membrane sur-
rounding the epithelium of the bronchi and bron-
chuli was innervated by an AChE-positive network
of fibres (Fig. 5–8). Numerous AChE-positive nerve
bundles and fibres were observed in the parenchy-
ma of the lungs (Fig. 5, 6, 8). AChE-positive nerve
terminals also supplied functional vessels localised
in the inter-alveolar septum. The majority of the
AChE-positive nerve fibres supplying the arteries
were localised in their adventitia and ran circum-
ferentially around these vessels (Fig. 7). The above-
mentioned results confirm the results of physiolog-
ical experiments reporting the influence of both the
adrenergic and the cholinergic subdivision of ANS
on the regulation of lung functions [4, 7, 9]. How-
ever, some controversy exists as to the control ex-
erted by the adrenergic nervous system. Although
the parasympathetic nerves are the major motor
control system for airway smooth muscle, there is
no certainty as to whether the sympathetics are
responsible for relaxation. There is no doubt that
Figure 1. Noradrenergic nerve fibres (arrowhead) localised in the
muscular layer (ml) surrounding the epithelium of the bronchuli
(b). Noradrenergic nerve terminals (arrow) located in the adventi-
tia of artery (a). Magn. ¥ 400.
Figure 2. Noradrenergic nerve terminals (arrow) located in the
adventitia of artery (a). Nerve fibres observed in the parenchyma
(p) of the lungs (arrowhead). Magn. ¥ 400.
Figure 3. Noradrenergic nerve fibres (arrow) localised in the
muscular layer (ml) surrounding the epithelium of the bronchi (b).
Nerve fibres observed in the parenchyma (p) of the lungs (arrow-
head). Magn. ¥ 400.
b-adrenoceptors are present in the airways and that
b-adrenoceptor agonists are powerful bronchodi-
lators. The extent to which the receptor function is
controlled by adrenergic nerves is not clear. It has
been reported that there is no neural control and
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Figure 5. Muscular layer (ml) surrounding the epithelium (e) of
the bronchi innervated by AChE-positive network of fibres (ar-
rows) and nerve bundles localised in the parenchyma (p) of the
lungs (arrowheads). Magn. ¥ 400.
Figure 6. AChE-positive nerve fibrers supplying the muscular lay-
er (ml) surrounding the epithelium of the bronchi (e) and bron-
chuli (b). Some nerve fibres localised in the parenchyma (p) of
the lungs (arrowhead); ch — chondroid tissue. Magn. ¥ 200.
Figure 7. AChE-positive nerve fibres localised in the muscular
layer (ml) surrounding the epithelium (e) of the bronchi (arrow)
and circular nerve terminals (arrowhead) observed in the adven-
titia of the artery (a); p — parenchyma of lungs. Magn. ¥ 400.
Figure 8. AChE-positive nerve fibres localised in the muscular
layer (ml) surrounding the epithelium (e) of the bronchi (arrow)
and nerve fibre observed in the parenchyma of the lungs (arrow-
head); ch — chondroid tissue. Magn. ¥ 400.
that the major relaxing system is that of the so-
called non-adrenergic non-cholinergic inhibitory
system [9]. Sympathetic nerves are said to be main-
ly destined for vascular smooth muscle when found
traversing the airway. Less variation exists in cho-
linergic innervation to the airways than in the adr-
energic. However, this had to be modified in view
of the recognition of a non-adrenergic non-cholin-
ergic excitatory system in some species [6]. The pu-
tative transmitter is substance P and the system is
capsaicin-sensitive. No evidence for the existence
of adrenergic inhibitory nerve fibres was reported
in the airways collected post mortem, but the pres-
ence of non-adrenergic inhibitory nerves in the
smooth muscle of the human trachea and bronchi
has been demonstrated pharmacologically [9]. The
preliminary results presented in the paper confirm
the importance of further studies on the innerva-
tion of the pulmonary tissue in breeding animals.
Further studies may help in the elucidation of the
mechanisms of lung physiology and disorders and
may establish a reference useful in functional stud-
ies of the lungs.
Figure 4. Strong fluorescing nerve fibres localised in the parenchy-
ma (p) of the lungs (arrowheads); e — epithelium. Magn. ¥ 400.
218
Folia Morphol., 2003, Vol. 62, No. 3
REFERENCES
1. de la Torre JC, Surgeon JW (1976) Histochemical fluo-
rescence of tissue and brain monoamines: results in
18 minutes using the sucrose-phosphate-glyoxylic acid
(SPG) method. Neuroscience, 1: 451–453.
2. Friedman M, Wang SY, Stahl GL, Johnson RG, Sellke
FW (1995) Altered beta-adrenergic and cholinergic pul-
monary vascular responses after total cardiopulmonary
bypass. J Appl Physiol, 79:1998–2006.
3. Gulbenkian S, Valenca A, Wharton J, Polak JM, David-
-Ferreira JF (1991) Simultaneous visualization of neu-
ropeptide and acetylcholinesterase nerve subpopula-
tions in the perivascular plexus. Histochem J, 23: 553–
–558.
4. Hadjokas NE, Crowley JJ, Bayer CR, Nielson CP (1995)
Beta-adrenergic regulation of the eosinophil respira-
tory burst as detected by lucigenin-dependent lumi-
nescence. J Allergy Clin Immunol, 95: 735–741.
5. Ivanov LN, Undritsov MI, Gordon DS, Kreimerman GM,
Mandrakov VI (1977) Adrenergic and cholinergic struc-
tures of guinea pig lungs under normal conditions and
in experimental bronchial asthma. Biull Exp Biol Med,
83: 446–448.
6. Kraneveld AD, James DE, de Vries A, Nijkamp FP (2000)
Excitatory nonadrenergic-noncholinergic neuropep-
tides: key players in asthma. Eur J Pharmacol, 405: 113–
–129.
7. Liebhart J, Malolepszy J, Dor A (1995) Role of the au-
tonomic nervous system (adrenergic, cholinergic and
nonadrenergic, noncholinergic) in regulation of respi-
ratory system function. Post Hig Med Dosw, 49: 395–
–407.
8. Matran R (1991) Nervous control of bronchial circula-
tion in pigs: application to the airway stimulation.
Pathol Biol (Paris), 39: 223–229.
9. Richardson J, Beland J (1976) Nonadrenergic inhibito-
ry nervous system in human airways. J Appl Physiol,
41: 764–771.
10. Sparrow MP, Warwick SP, Everett AW (1995) Innerva-
tion and function of the distal airways in the develop-
ing bronchial tree of fetal pig lung. Am J Respir Cell
Mol Biol, 13: 518–525
